The present paper encorporates the effet of magnetic field on the incompressible Casson fluid flow between two parallel infinite rectangular plates approaching towards or away from each other with suction or injection at the porous plates. Using similarity transformations the governing Navier-Stokes equations are reduced to a nonlinear ordinary differential equation. Semi-analytical solution is obtained based on the Homotopy perturbation method. Further, the solution is compared with the classical finite difference method separately. The effect of magnetic field on velocity, skin friction and pressure is analysed on flow between two plates with suction or injection, where two plates moving towards or away from each other.
INTRODUCTION
The rapid advancements in technology and industries, the flow between porous structures have acquired the attention of numerous researchers in recent times due to their applications in the field of medicine and industry. Specifically, the flow of blood through arteries, pumping of heart, polymer industry process, injection modeling, compression, power transmission and lubrication technology can be grasped by the basic fluid flow between porous structures. Due to the complex rheological behavior of many classical and biological liquids, it is difficult to understand the various physiological behaviors by taking the Newtonian fluids. Thus, their exists several non-Newtonian fluid models to encorporates these effects (Sankad and Patil (2018) ; Rajashekhar et al. (2018) ; Boulahia et al. (2018) ). In recent years study, the Casson fluid flow between two plates grasp the attention of researchers due to its practical applications. In 1959 N. Casson developed this model in the rheology of dispersed system. Fung and his associates in 1981 used Casson model to study the behavior of blood. Milnor, Bate and Merrill concluded that the blood flow through tubes is best described by Casson equation.
The basic work and formulation of squeezing flows are firstly has done by Stefan in 1874. After that, many researchers (Grimm (1976) , Kuzma (1966) , Tichy and Winer (1970) , Jackson (1963) ) contributed towards better understanding of this phenomenon. Reynolds in 1986 (Reynolds (1886 ) analyse the squeezing flow between elliptic plates, Archibald Archibald (1956) extended this work for rectangular plates. In the 19th century, many researchers studied the same type of problems by reducing the Navier-Stokes equation to nonlinear ordinary differential equation or set of nonlinear differential equations through similarity transformation. In 1999 E. A. Hamza Hamza (1999) studied the suction † Corresponding author. Email: nppaimit@yahoo.co.in and injection effects on a similar flow between parallel plates. Siddiqui, et al. ( Domairry and Aziz (2009) , Abdul et al. (2008) ) analysed the two dimensional MHD squeezing flow between parallel plates using the homotopy perturbation method. T. Hayat and his co-workers (Hayat et al. (2008 (Hayat et al. ( , 2010 (Hayat et al. ( , 2011 (Hayat et al. ( , 2015 ) analyse the fluid flow phenomenon under different conditions and situations. Recently, many researchers contributed their knowledge to study MHD problems (Sheikh et al. (2015) ; Imran et al. (2017) ; Umar et al. (2016 Umar et al. ( , 2014 ; Sobamowo and Akinshilo (2018) ; Sufian et al. (2012) ). The detailed study of nano fluids under different conditions and effects is well established by Abderrahim Wakif and his associates (Abderrahim et al. (2017a (Abderrahim et al. ( ,b, 2018c (Abderrahim et al. ( ,b, 2019 (Abderrahim et al. ( , 2018a ; Saleem et al. (2019) ). This type of study mainly involves two sections, first one mathematical formulation, the second solution of the problem. Most of this kind of problems is highly nonlinear, solving these really challenges to the research community, many authors solved them using numerical and seminumerical methods (Sachdev et al. (2000) ; Shijun (2011) ). The Homotopy perturbation method is one of the simplest methods to handle these type of problems (Ji-Huan (2008) ; Sumit et al. (2013 Sumit et al. ( , 2006 ; Babolian et al. (2009); Bujurke et al. (1995b,a) ; Sampath and Pai (2019) ). The advantage of HPM is a single computer program run yields the solution for a large range of the expansion quantity rather than a solution for a single value. In addition the method reveals the analytical structure of the solution function. For simple geometry the method proposed her, provides accurate results and has advantages over pure numerical methods like finite difference. In numerical methods a separate scheme is to be devolved for calculating derived quantities. Such difficulties are not there in HPM.
MATHEMATICAL FORMULATIONS
We consider the two dimensional incompressible Casson fluid flow between two parallel infinite rectangular plates which are spaced a distance a(t) apart, where t denotes time. We specify the plates by y = 0 and y = a(t), a(0) = a0, and the upper plate is moving with velocity a (t) towards (or away from) the lower porous plate which is fixed. Fig. 1 Geometry of the problem The equation of Casson fluid is defined as
where py is the yield stress, µB is the Casson viscosity and π = eijeij , where eij is the (i, j) components of the deformation rate. The governing equations are ∂u ∂x
where u and v are velocity components along x and y axis respectively. The equations governing the flow in cartesian coordinates are
and
Where γ = µB √ 2π/py and ν is the kinematic viscosity of the fluid. T is the temperature, Cp is the specific heat and k is the thermal conductivity. Viscosity of the fluid is taken as constant and it does not depend on temperature. The boundary conditions are given by u(x, y, t) = 0, v(x, y, t) = a (t), T = TH at y = a(t), (6) u(x, y, t) = 0, v(x, y, t) = Aa (t), ∂T ∂y = 0, at y = 0.
Where A is a constant parameter such that A > 0 corresponds to suction and A < 0 corresponds to injection. Using the transformation
Where η = y a (t) and C is a constant. The equation of motion is satisfied and the equation of motion takes the form ∂p ∂x
Where
The equation for the axial pressure gradient
This shows that
. Differentiating (9) with respect to η gives
For a similarity solution to exist, R and Q must be constant, since a =
da(t) dt
, the first equation (11) can be integrated to give
When R > 0 the upper plate moves away from the lower plate and when R < 0, it moves towards it, and squeezing flow exists with similar velocity profiles as long as a(t) > 0. From (11) and (13) it follows that Q = −1 and hence equations take the form
The boundary conditions are
Pr is Prandtl number, Ec Eckert number and δ is small number. We solve equations (14) to (16) to see the effects of R and A on the velocity profiles, the skin friction and the pressure distribution for different values of Casson parameter.
The skin friction
The skin friction at the wall is represented by
where µ is the coefficient of viscosity. or
where
The pressure distribution
The fluid pressure is obtained by partial integrating (9 and 10). The pressure along x-direction
l is the length of the plate from the origin and p0 is the atmospheric pressure at x = l. This can be written in dimensionless form as
The η distribution of pressure is equal to
where pe is the pressure at η = 0 or
METHOD OF SOLUTION
We adopt two methods to solve the considered problems.
Method-I: Homotopy Perturbation Solution:
To describe the HPM solution for the system of non-linear differential equations, we consider
where D1 and D2 denotes the operator, f (η) and θ(η) are unknown functions, η denote the independent variable and f1, f2 are known functions. D1 and D2 can be written as
where L1 and L2 are simple linear part, N 1 and N 2 are remaining part of the equations (20, 21) respectively. The proper selection of L1, L2, N 1, and N 2 form the governing equations one can get the homotopy equation for ( 20 and 21 ) as follows
where v0(η) is the initial guess to the (20,21 ). We assume the solution of (22) and (23) as follows
The solution to the considered problems is (24 and 25) at q = 1. Using the above scheme for solving the equations, zeroth and first order solutions are obtained as follows.
+A(15(17 + 17η + 17η
Method-II: Finite Difference Solution: The equation mentioned above (14) to (16) is solved numerically by FDM to confirm the results obtained by us. Using standard finite difference method, i.e. stepping from ηj−1 to ηj, a Crank-Nicolson's scheme is used. This tridiagonal system is easily solved to update the values on each grid point. Calculations were performed by dividing the interval into 10 4 sub intervals to find the associated parameters. These systems of equations are solved using Mathematica.
RESULTS AND DISCUSSION
In the present study, we have analysed the effect of magnetic field, suction or injection on fluid flow between two parallel plates either the plates moving towards or away from each other. We used HPM to analyse f (η), f (η) and p η for different values of the parameters and presented the results from Fig. 2 to Fig. 20 , for this we consider 20 terms in the series by writing a mathematica code. The Values of the skin friction and p x also analysed through HPM and are compared with FDM and results are presented (Table 1 to 5). We split the result and discussion into two parts. a) Injection case (A < 0): Fig. 2 shows the effect of R on velocity of the fluid. It is observed that, when the upper plate moving away from the lower plate, the velocity of fluid is increased in the half plane (0 ≤ η ≤ 0.5) and has opposite behavior is observed in 0.5 ≤ η ≤ 1. When the plates moving towards each other, the velocity decreases in 0 ≤ η ≤ 0.5 and increases in 0.5 ≤ η ≤ 1. The most common observation in this case is, the peakness of velocity increases, when the plates moving away from each other and it is less, when the plates are moving towards each other. This is due to the non-Newtonian characteristic of the fluid. From Fig. 3 to 5, it is clear that in the presence of magnetic effect, the fluid flow is smoother. The velocity increases with the effect of magnet in 0 ≤ η ≤ 0.3 and 0.7 ≤ η ≤ 1. The opposite behavior is observed in
The velocity of the fluid, when the plates approaching or receding each other are given in Fig.6 . The velocity of fluid decreases in 0 ≤ η ≤ 0.5 and increases in 0.5 ≤ η ≤ 1, when the plates moving away from each other. The reverse effect is observed during the plates moving towards each other. Fig. 7 to 11 show the effect of M when R = −10, 10, −0.01, 0.01. Here it is observed that, fluid flow is smoother and there is no disturbance in the flow due to magnetic effects. Fig. 12 to 15 describe the effect of Casson fluid parameter γ, under different conditions. It is evident that the value of the γ increases, the non-Newtonian characteristics increases and the flow become smoother. Fig. 16 and 17 represents the axial pressure with suction and injection respectively.
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